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RHIC First and only polarized proton collider

Polarized Proton Collisions at BNL

\\ /y

RHIC
Polarimeters
Siberian Snak _ _

iberian {xes Lmax= 2 x 10325 1Cm 2 pp2pp

; ~ 70 % Polarization

Vs = 50 - 500 GeV
RHIC

Spin Rotators ~_, \

2x1011 Pol. Protons / Bunch
¢ =20 m mm mrad

Partial
Siberian Snake

Vertical
-~
AC Dipole

Replace with OPPIS:
500 nA, 300 us, 7.5 Hz

Accumulation of 20 Pulses

4x101 1 Pol. Protons / Bunch
¢ = 10 t mm mrad

Polarimeter

Linac

35 uA, 350 us, 5 Hz
80 % Polarization

Polarized H Source
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e

siberian snake is a magnet that flips the
spin of the polarized protons half way
around the ring to preserve the
polarization by cancelling imperfections

I
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100 cm

Preshower HCal

o % i
—J
ECal
IR BBC—Blue ﬂ
J | |
[ I I
x | |
c
Rek
"

—> Z y = Ocm

Purpose 1s to measure transverse spin asymmetry of Drell-Yan which is
predicted to be negative, opposite in sign to that measured in single pion
production in DIS positive increasing with p Hermes, PRD64,097101

| 7 Office of ) \| -
"4 Science BROOKHEAEN Erice 2016 PHESENIX M. J. Tannenbaum 7




Single spin transverse asymmetry Ay

LEFT

100GeV

-
-
-

Proton

Run15 (2015)

100GeV é *’

Porarized Proton
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_do,-do,

»*
N

100GeV/nucleon

B do, +do,

Many topics: both initial and final state effects

The first-ever pT+A collisions:

Huge nuclear effect in forward
neutron Ay !

~~



p' +p—sjets, Vs=500 GeV

=z 0.2 > 0.027

p+p —> n? + X < . . .
® jet A, (statistical uncertainty)

0.015—

0.15/— @ PHENIX 0 3.1<n<3.8 (5=62.4 GeV dA), (systematic uncertainty)

A E704° {s=19.4 GeV +

i twist-3
- % STAR 7% <n>=3.3, /s=200 GeV 0.01-

Y% STAR = <1>=3.7, Vs=200 GeV

0'1:_ + l 0.005-
o.05:— i# ? 0 ¢« °,
B * é:«
TR S L 14
001 02 08 o4 05 06 o7 og 007 i w0z o ez od
Xp <X(jet)>
Transverse single spin asymmetry AN Ay much smaller in jets
PHENIX PRD90(2014) 012006 than in single particles

Note that E704 1s PRL36(1976) 929
Old subject, new measurements, no clear understanding
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Forward neutron Ay

0.2

0.15

0.1

0.05

p'+A — n+X
Vs= 200 GeV p+Au }
N

xF>0.5
0.3<6<2.2 mrad

22% scale uncertainty not shown

L p+AI ___________________________________________________________________________________________________________
PH ENIX

b pep preliminary

| | | | | | | 1 | | | Il 1 | | I | | | |

0 50 100 150 200

A (atomic mass number)
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Known effectin p1p
Well described by interference
between m and a,; Reggeon

Y

17t%,a,
I —> N

Surprise — huge A dependence:
factor of ~ 3 increase in magnitude
Eventhe sign changes

Simple & -a, interference
predicts small dependence

PH—\V—Ele M. J. Tannenbaum 10



Investigating nuclear effects in forward neutron A,

< | @ 2DCinclusive P?_l\(—E_le
0 3-—_ z ZDC & BBC p-dir & BBC A-dir preliminary Both BBC VetO
| ZDC & veto BBC p~dir & veto BBC A-dir
: } ——
0.251- I 9
- p'+A - n+X ¥
0.2 {s= 200 GeV ﬁ -6 > n
B :F:eizz mrad *
0.1 5:— 22% scale uncertainty not shown 'oth BBC F“.ed
0.1
- ! A ':%Ee
0.05 ¥
E p+p p+Al p+Au Fi n
- ®
-0.05 __% : > Multiple mechanisms contribute?
- » UPC or/and high parton density effect?
_0-1 I L1 1 1 | I [ O I {4 & 1| [ | I | | | | ’ g
0 50 100 150 200 Need theoretical input!
A (atomic mass number)
\V// June 10, 2016 RHIC/AGS User Meetin 9
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RHIC Run 16 from taik by Berndt Mueller Associate Lab director

= High luminosity 200 GeV Au-Au run (10 weeks)

= Goal: Study heavy flavor flow, especially charmed baryons, parton energy
loss in QGP, quarkonium studies (for NP milestone DM12)

= d+Au beam energy scan (5 weeks)

= Goal: Study beam energy dependence of small system collectivity and
QGP properties

= Proof of Principle test of coherent electron cooling (1 week)

= Run-16 went very well until .... a diode inside a dipole magnet in the blue
ring malfunctioned on March 18.

= Repair required warm-up of sector 10-11, opening of dipole, replacement
of the diode, and cool-down. Run-16 resumed April 6

= Low power costs allow run be extended to July 1 make up for (most of
the) lost time
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New quench protection diode
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BNL’s future plan 2014
 Years | Beam Species and | Science Goals | New Systems

2014

2015-16

2017

2018

2019-20

2021-22

22023 ?

Au+Au at 15 GeV
Au+Au at 200 GeV
3He+Au at 200 GeV

pt+p? at 200 GeV
pt+Au, p*t+Al at 200 GeV
High statistics Au+Au
Au+Au at 62 GeV ?

pt+p* at 510 GeV

No Run

Au+Au at 5-20 GeV (BES-2)

Au+Au at 200 GeV
pt+p?, pt+Au at 200 GeV

No Runs

Heavy flavor flow, energy loss,
thermalization, etc.
Quarkonium studies

QCD critical point search

Extract n/s(T) + constrain initial
quantum fluctuations
Complete heavy flavor studies
Sphaleron tests

Parton saturation tests

Transverse spin physics
Sign change in Sivers function

Search for QCD critical point and onset

of deconfinement

Jet, di-jet, y-jet probes of parton

transport and energy loss mechanism
Color screening for different quarkonia
Forward spin & initial state physics

Electron lenses
56 MHz SRF
STAR HFT
STAR MTD

PHENIX MPC-EX
STAR FMS preshower

Roman Pots
Coherent e-cooling test

Low energy e-cooling install.
STAR iTPC upgrade

Low energy e-cooling

sPHENIX
Forward upgrades ?

Transition to eRHIC



BNL’s future plan 2016
| Years | Beam Species and | ScienceGoals [ NewSystems |

Au+Au at 15 GeV
2014 Au+Au at 200 GeV
3He+Au at 200 GeV

pt+p? at 200 GeV

2015-16 P ?+Au, pt+Al at 200 GeV
High statistics Au+Au

ArarA-at-62-6eV—=

d+Au @ 200, 62, 39, 20 GeV
2017 pt+p? at 510 GeV
2018 Ne-RuR sobars

2019-20 Au+Au at 5-20 GeV (BES-2)

2022-23

Au+Au at 200 GeV

pt+p?, pt+Au at 200 GeV

22023 ? No Runs

Heavy flavor flow, energy loss,
thermalization, etc.
Quarkonium studies

QCD critical point search

Extract n/s(T) + constrain initial
quantum fluctuations
Complete heavy flavor studies
Sphaleron tests

Parton saturation tests

Transverse spin physics
Sign change in Sivers function

96Zr+96Zr and 96Ru+96Ru to test
chiral magnetic effect on observed
Au+Au charge separation effects

Search for QCD critical point and onset

of deconfinement

Jet, di-jet, y-jet probes of parton

transport and energy loss mechanism
Color screening for different quarkonia
Forward spin & initial state physics

Electron lenses
56 MHz SRF
STAR HFT
STAR MTD

PHENIX MPC-EX
STAR FMS preshower

Roman Pots
Coherent e-cooling test

Low energy e-cooling install.
STAR iTPC upgrade

Low energy e-cooling

sPHENIX
Forward upgrades ?

Transition to eRHIC



One Future experiment sSPHENIX June 2016

Outer HCal

Superconducting coil
Inner HCal
EMCal

Vertexer/Tracker




Low-Field Test of sSPHENIX Magnet - Mar 2016

The sPHENIX Magnet was successfully cooled to 4K and ramped to
100A. The field measure was exactly as expected for this current.
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Magnet cold test results

A Trend of sPh_TT_MTO1 (oS

I e osoo
e Sl At 4.4 ° K we put 100 amps on the

5 / 44° magnet coil and the solenoid field

e generated was 256 G, as expected.
The coil was superconducting.
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HCal: Tilted Steel-Si plates
— Inner and Outer HCal
—APpxAn=0.1x0.1

1.5T Superconducting magnet
— From BaBar, cold tested at BNL

[ J
@]

e EMCal: W-Si fiber 7 2
— Ad x An = 0.025 x 0.025 ) ¥ br & x4 g
* Tracker: vertex + outer tracker — ~ < -
. . : . m o
— Options still being considered, % >
including MAPS inner tracker with >
ateless TPC + 2
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120 GeV/c proton
1-60 GeV secondary

6/8/2016



SPHENIX Present Status

Dec 20135: Inaugural Collaboration Meeting at Rutgers
v~ Bylaws approved

Spokespersons elected (D. Morrison and G. Roland)
Recent Collaboration Meeting at BNL May 18-20, 2016
Still looking for new name of collaboration.
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BNL Newsroom | Introducing...sPHENIX!

OUR SCIENCE | ABOUT | DEPARTMENTS | PARTNER WITH US | CAREERS | NEWS | FEEDBACK | DIRECTORY

U.S. DEPARTMENT OF

N?TE}?&IE@%.EV Features wedia & communications Office ENERGY

Newsroom ‘ Photos | Videos ‘ Fact Sheets ‘ Lab History ‘ News Categories | Contacts

By Karen McNulty Walsh | June 15, 2016 S PRINT

Introducing sPHENIX! Q

A new collaboration takes aim at understanding

how the ultra-hot, ultra-dense plasma that formed
our early universe gets its intriguing properties. Other Features...

Calorimeter
Components Put to
the Test

Superconducting
Magnet Powers Up
After Cross-Country
Journey

Retired Brookhaven
Lab Physicist Derek
Lowenstein Returns

Members of the new sPHENIX collaboration at a meeting held

to Receive
at Brookhaven Lab in May 2016, with co-spokespersons Dave International
Morrison (green T-shirt, jeans) and Gunther Roland (blue shirt, black Accelerator Prize

jeans) front and center.

From the very beginning, there were hints that particle collisions
at the Relativistic Heavy lon Collider (RHIC) were producing Brookbaven Lab's
something unusual. This U.S. Department of Energy (DOE) — Smart Grid

Office of Science User Facility at Brookhaven National _Collaborations Go
Laboratory was designed to recreate the incredibly hot and International

dense conditions of matter in the early universe by colliding
atomic nuclei at high enough energies to “melt” their constituent
protons and neutrons. The collisions would “free” those

particles’ inner building blocks—quarks and gluons—so nuclear
r Office of ciricte rniild ctiidv their hahaviar iinhniind fraom ardinary
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Contacts: Karen McNulty Walsh, (631) 344-8350 or Peter Genzer, (631)

344-3174

LLPRINT

Physicists Measure Force that
Makes Antimatter Stick Together

First ever measurement of antiproton interactions
that make possible the existence of antimatter

nuclei
November 4, 2015

UPTON, NY—Peering at the
debris from particle collisions
that recreate the conditions
of the very early universe,
scientists have for the first
time measured the force of
interaction between pairs of
antiprotons. Like the force
that holds ordinary protons
together within the nuclei of
atoms, the force between
antiprotons is attractive and
strong.

The experiments were
conducted at the Relativistic
Heavy lon Collider (RHIC), a
U.S. Department of Energy
Office of Science User
Facility for nuclear physics
research at DOE's
Brookhaven National

9

NATIONAL LABORATORY

Zhenggiao Zhang, a

graduate student from

the Shanghai Institute of Applied
Physics, with STAR physicist Aihong
Tang at the STAR detector of the
Relativistic Heavy lon Collider
(RHIC).

Erice 2016
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e Antimatter History

| | n lw P
N O1Lw o & 1o

Mass (GeV/c?)

N

—t

pn

|

1940 1960 1980 2000 2020 2040
Discovery Year

o
ol

-t
‘.D_

(=)

Aihong Tang 28
BNL Colloquium, Dec 2015
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-, - Correlation analysis

Attractive interaction Py N
P, smaller k
—

>P;
oF
Repulsive interaction
P; ——— larger k*
CF 4
Attractive P,
For example, if there is only Coulomb
interaction between two particles L Tl

Repulsive

>

k*
Two-particle correlation function is sensitive to the separation
distribution of the source and interaction in the final state.

Aihong Tang 40
BNL Colloquium, Dec 2015
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war Nuclear force : scattering length (f;) and effective range (d,)

fis related to the cross section.
At low energy limit, the scattering cross section is given by

o =4nf;

d, is related to the range of the potential.

In the case of square well potential, d,is the range (radius) of the
potential.

For a short range potential, f, and d,, are related to the s-wave
scattering phase shift 6, and the collision momentum k by :

kcot(d,) = 1, ldok2
fy 2

0

Aihong Tang 30
BNL Colloquium, Dec 2015
| 7 Office of N
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dip at O 1s Fermi statistics, bump is attractive singlet s wave interaction

/\
S

r

<

AR

Correlation functions

2\
o 13F 13 * For proton-proton CF
o 12 F —CinclusiveC 1.2 R=2.750.01 fm;
= 1+ -1
e N +2/NDF = 1.66.
09 E 0.9
83 _ proton-proton 83 * For antiproton-antiproton CF
13 F c | 13 R = 2.80 +0.02 fm;
12 F 1 '[C g 37 f,=7.41+0.19 fm;
= e X [C -
LLE Pp™ PP 1 d,=2.14 £0.27 fm;
1 et o 1
09 09 X?>/NDF = 1.61. 10 contour
0.8 E— _ , 0.8
07 E :clntlproton-ar\tlproton 0.7
% g
X 14 F 14
ulg S @W&JAR * 13
< 12E° ‘ . 1.2
X 11E ﬂ* 1.1
Q] | || emetensrtesestesesctonsasectccesyee easend! |
V09 F 0.9
08 & . ' 0.8
O 005 01 01 5 . p 7.3 7.4 75 7.6 7.7 1,67
Nature 527 345 (2015) k*(GeV/c) om
Aihong Tang 43
BNL Colloquium, Dec 2015
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<'srar f, and d,

. O proton-proton
6 [] proton-neutron(singlet)
/A proton-neutron(triplet)

| ¢ neutron-neutron
% antiproton-antiproton

4_

- JMSTAR *

O....I....I.
-10 0 10 20 30

f, (fm)

Aihong Tang 44
BNL Colloquium, Dec 2015
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Contacts: Karen McNulty Walsh, (631) 344-8350 or Peter Genzer, (631) 344-3174

RHIC Particle Smashups Find that Shape Matters

Scientists colliding football- and sphere-shaped ions discover evidence supporting a
paradigm shift in the birth of the quark-gluon plasma

Monday, December 7, 2015

+ENLARGE | postdoc Prithwish Tribedy and Brookhaven physicist Paul Sorensen at the STAR detector at the Relativistic Heavy lon
Collider (RHIC).

Before these measurements, the standard picture suggested that the number of particles produced would depend on the
number of collisions, so these results directly rule out that picture. The new results are consistent with at least two models
that don't require a dependence on the number of collisions.

"One of these is the gluon saturation model—which is why we think that model did a better job at predicting how well we'd
be able to resolve the tip-tip vs. body-body collisions," Sorensen said.

"This result is just one piece of evidence. But it does support a new picture of how particles are born and that picture
looks in many ways a lot like gluon saturation," Sorensen said. Future research will focus on further testing the idea of
gluon saturation in comparison with other alternative explanations.

P Office of »
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Contacts: Karen McNulty Walsh, (631) 344-8350 or Peter Genzer, (631) 344-3174

RHIC Particle Smashups Find that Shape Matters

Scientists colliding football- and sphere-shaped ions discover evidence supporting a
paradigm shift in the birth of the quark-gluon plasma

Monday, December 7, 2015

In 2014 it was established
that Ncoll was not correct.
It was well known in HEP
that hard scattering is not
relevant for N, and E
which are predominantly
from low p particles.
Constituent Quarks are

+ENLARGE | postdoc Prithwish Tribedy and Brookhaven physicist Paul Sorensen at the STAR detector at the Relativistic Heavy lon

Colider (RHIC) the fundamental elements

Before these measurements, the standard picture suggested that the number of particles produced would depend on the

number of collisions, so these results directly rule out that picture. The new results are consistent with at least two models Of N and E
i si ch T

that don't require a dependence on the number of collisions.

"One of these is the gluon saturation model—which is why we think that model did a better job at predicting how well we'd
be able to resolve the tip-tip vs. body-body collisions," Sorensen said.

PHENIX PRC89 (2014) 044905

"This result is just one piece of evidence. But it does support a new picture of how particles are born and that picture
looks in many ways a lot like gluon saturation," Sorensen said. Future research will focus on further testing the idea of
gluon saturation in comparison with other alternative explanations.
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Constituent quarks are Gell-Mann’s
quarks from Phys. Lett. 8 (1964)214,
proton=uud [Zweig’s Aces].These are
relevant for static properties and soft
physics, low Q?<2 GeV?; resolution>
0.14fm

For hard-scattering, p>2
GeV/c, Q*=2p>>8 GeV?,
the partons (~massless
current quarks, gluons and
sea quarks) become visible

1.6fm

Resolution ~0.5fm Resolution ~0.1fm Resolution <0.07fm

| 7 Office of 7 : \| 7
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In two-component model, multiplicity depends on the N, and
N, @and since v, is propotional to initial eccentricity

small v,and large N,

If dN/dn depends on N

N
part
nAA x npp[(l - xhard)

*idealizations

ol 1arge dN/dn should correlate with small v.,.

+ xharcholl]
@
o
o > <——:
@
Npan=1 0
NcoII= 3]
....N.—>—<_1?).... This is wrong
part™ they will be
NcoII= 25

disappointed

o> Central U+U collisions are ideal for testing particle production

Strategy: select events with few spectators (fully over-lapping), then
755, ottice of measure Vv, vs. multiplicity: how strong is the correlation?
. §c;gﬁc‘)e ----------

NATIONAL LABORATORY
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No evidence of knee
structure for central U+U

v/ Glauber plus 2-component model
suggests knee structure at ~2% centrality

v Knee washed out by additional multiplicity
fluctuations?1

v Other interpretations? | Yes,Ngp!!!

"Maciej Rybczyiski, et. al.
Phys.Rev. C87 (2013) 044908

The U+U v.{4} results are
non-zero in central

v/ Result of intrinsic prolate shape of
the Uranium nucleus

v Au v _{4}4 becomes consistent with
zero

0.1
_JSL_AFIP limi 2 +
0.09 \,/;( reliminary :
0.08
0.07
0.06
='0.05
0.04
0.03
- = U+U,v {4}
0.02 | 2
-l © AutAu,v {2}
0.01
= Au+Au,v7{4}
0_ ] ] ] I ] ] ] : : ]
0 200 400 600 800 1000

dN/dn

Dashed lines represent top centrality percentages for U+U collisions based on multiplicity, curves are used to guide the eye

v,{4} data: we see the prolate shape of the Uranium nucleus v/
The lack of a knee indicates a weakness in Ncoll muItipIicity models
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NQP fit—pp eyqp=0.659

PHENIX PRC89 (2014) 044905

1) Generate 3 constituent quarks around
nucleon position, distributed according to

‘-: 1072
Q
e proton charge distribution for pp, dA, AA
3]
S o
H 10 2) Deconvolute p-p E; distribution to the
sum of 2—6 quark participant (QP) E;
6 | distributions taken as I" distributions
10— I} ) 1 1
0 20 40 60 80
Er (GeV)
3) Calculate dAu and AuAu E; distributions as weighted sum of QP E distributions
100 1 1 1 1 1 1 1 L] 1 1 U 1 1 1
| Oaruleoo Gev | ] T T hutan 300 Gev—Fundl
NQP calcpp €ygp=0.659 ] 10-2 NQP calcpp €ygp=0.659
_§ NQP calcpp €ygp=0.603, 0.716
T 1072 1 ~
L RS
) ] ¢
(3] S S ‘\\\§§§ —a g 1 O _4
S -4 ““““““ N NG
5 F = ER:
- 10—6 |
\\
10_6 " S 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I \l 1
0 20 40 60 80 0 200 400 600 800 1000
Ey (GeV) Er (GeV)
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PHENIX2014 [6], the spatial positions of the the three
quarks were generated around the position of each nu-
cleon in the Glauber monte carlo calculations for p + p,
d+Au and Au+Au collisions using the proton charge dis-
tribution corresponding to the Fourier transform of the
form factor of the proton [24]:

pproton (’I") _ pgroton % eXp(_a/r), (4)

where a = 12/r,, = 4.27 fm~! and r,, = 0.81 fm
is the r.m.s radius of the proton weighted according to
charge [2]
P, = / r? X 4qr? pProvR (1) dr . (5)
0
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The corresponding proton form factor is the Hofstadter
dipole fit [25] now known as the standard dipole [26]:

1

Ge(Q") = Gu(Q®)/n=

(1 £ 0.71GeV?) )2

- (6)

Mainz, Bernauer etal PHYSICAL REVIEW C 90, 015206 (2014 11 |
~ 108 | (9
1.03 ] [ § 182 I
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*This statement 1s correct so several of us got together to figure out
how to generate 3 quarks about a nucleon that would preserve the
c.m. position and the charge distribution about this ¢.m and how this
would affect our results from PHENIX2014.

* We found 3 new methods that preserve both the original proton c.m.
with the correct charge distributions about the c.m. I discuss 2.
* See Mitchell, Perepelitsa, Tannenbaum and Stankus PRC93,054910

(2016)
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1.4
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(1/N)(dN/dr) [fm™]
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PHENIX2014
(after recentering)
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r [fm]
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Generate one quark at (r,0,0) with r drawn from A2 e{-4.27r}.

Then instead of generating cos 0 and @ at random and repeating

for the two other quarks as was done by PHENIX2014, imagine that
this quark lies on a ring of radius r from the origin and place the two
other quarks on the ring at angles spaced by 27/3 radians. Then
randomize the orientation of the 3-quark ring spherically symmetric
about the origin. This guarantees that the radial density distribution 1s
correct about the origin and the center of mass of the three quarks is at
the origin but leaves three quark triplet on each trial forming an
equilateral triangle on the plane of the ring.
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f(r)y =r?p(r) = re”*%"(1.21466 — 1.888r + 2.03r?)

(14 1.0/r —0.03/r%)(1 + 0.157)
where r 1s the radial position ot the quark in tm.

*the three constituent-quark positions are drawn independently from the
auxiliary function f(r) above. Then the center of mass of the generated
three-quark system 1s re-centered to the original nucleon position.
This function was derived through an iterative, empirical approach. For
a given test function fA{test}(r), the resulting radial distribution
o™Mtest}(r) was compared to the desired distribution oA {proton }(r) in
Eq. 4. The ratio o/ {test}(r) / oA{proton}(r) was parameterized with a
polynomial function of r or //r, and the test function was updated by
multiplying it with this parametrized functional form. Then, the
procedure was repeated with the updated test function used to generate
an updated o*{\rm test}(r) until the ratio o/ {test}(r) / o*{proton}(r)
was sufficiently close to unity over a wide range of r values.
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since many people had asked why do you stop at 3 quarks: why not
2,4,5, we looked into this too with (chh/dn)/O 5qu

8 I I I I I
__\5 3— ¥ 200 GeV Au+Au 2 quarks —
T #® 200 GeV Au+Au, 3 quarks PHENIX2014
-1 B 4 200 GeV Au+Au, 4 quarks n
] - 4 200 GeV Au+Au, 5 quarks .
> A 200 GeV Au+Au, 3 quarks Empirical recentered
4 B 200 GeV Au+Au, 3 quarks Polygon 7]
wn —  —— 200 GeV Au+Au, 3 quarks Explicit_joint .
o
Z 2 ¥ ¥ ]
= - -
TR
- —
Q
= . . .
u —
. . +-
1 o -
0 1 1 1 1 I 1 1 1 1 I
0 500 1 O(N
quark-part

2 is rejected; 3 give the same result for all 4 methods; 4,5 seem to
work as well as 3 in the PHENIX2014 calculation

| 7 Office of
IO, o BROOKHRVEN Erice 2016 PI-P"{NIX M. J. Tannenbaum 44

u. EPARTMENT OF ENERGY



ALICE

Pseudorapidity density in Pb-Pb

Run 2

Centrality dependence of the charged-particle multiplicity density at mid-
rapidity in Pb-Pb collisions at Vs, = 5.02 TeV [9]

(dN_ /dn)
S
]

2
(N o
o]

| T T T T
L Inl<0.5

L L L

ot o

 Decrease by 1.8 from the most central <N, > to the
most peripheral
« Ratio between 5.02 TeV and 2.76 TeV is flat within

the uncorrelated uncertainties

Glauber MC with quark scaling [10]

Single quark position determined with proton density:

t — — ————— .
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[8] ALICE Collaboration, ALICE-PUBLIC-2015-008 AL e e ere® ‘;
[9] ALICE Collaboration, arXiv:1512.06104 [nucl-ex] RS T T
[10] C. Loizides, arXiv:1603.07375 [nucl-ex] (N




Glauber MC with quark scaling [10]
Single quark position determined with proton density:
p(r)=pg " exp(—a-r) g "yas T
5 L ALICE, Pb-Pb, {5, = 5.02 TeV
particle multiplicity B[ e .
. . =11 A Ng=3,p=3.2 . * |
density scales linearly| |3 ® Ne=5, =43 =
. = Z
with the number of = g
o constituent quark Es T > g -
) participants [8] X +*
Ngg eiAAA -------- aam— AvhATA
) 3” ------ @ @ @ PRI B A
2015-008 il |
14 [nucl-ex] 0o 0 =0 300 400
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é i PHENIX Au+Au, \ =200 GeV, 0-10% most central
2.2 (m oty 0-5% cent (ar arXiv v:1205.5759) § Jiy 0-20% cent. (PRL9S, 232301)
¥ = (PRL101, 232301) & © 0-20% cent. (PRC84, 044902)
#n (PRC82, 011902) 1 &), (PRC84, 044905)
1.8— # 0 (PRC83, 024090) #K' (PRC83, 064903)
1.6| ¥ P (PRC83, 064503)

0 274 6 8 10 12 14 16 18 20
p(Gth:)

* Mike’s PHENIX T-shirt Plot from
Megan Connor’s sSPHENIX Talk
*  What will be the sSPHENIX Tshirt plot
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5::2.4 PHENIX Au+Au, \'s,, =200 GeV, 0-10% most central
2.2

— Qdirecty 0-5% cent(PRL109, 152302) ¥ JAp 0-20% cent. (PRL98, 232301)
2 | #° (PRL101, 232301) & o 0-20% cent. (PRC84, 044902)
- lim (PRC82, 011902) § ez (PRC84, 044905)
1.8~ % ¢ (PRC83, 024090) f K" (PRC83, 064903)
1 6_ § p (PRC83, 064903)
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d*N”, /dp, dyN™ Note that ey, electrons from Heavy
R, (pr)= <T \&o™ Idpyd Flavor decay, are suppressed as much
/4 G TPTEY T g 10 from light quarks for p; 5-6 GeV/c
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PHENIX PRC93,034904 (2016)
c/b separation by secondary vertex

primary
vertex

VTX detector
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PHENIX PRC93,034904 (2016)
Raa for electrons from charm and bottom

Unfolding to obtain b/(c+b) electron fraction in Au+Au
Combine with previous results in pp from correlation analysis
- Rpafor c> e and b—> e separately!

Electron DCA;

|~ = Data

------- Mis-identified hadron
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Phys. Rev. C93, 034904 (2016)
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PHENIX 2011
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Charm and bottom similarly suppressed at high pr
Bottom less below ~ 3 GeV/c !
A factor of ~ 20 more statistics from Run 14 & 16 !
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Stay tuned for future updates !
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After a decade of the ratio R, , we
are now paying more attention to
Op the shift in the p; spectrum as an
indicator of energy loss in the QGP
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S. Horvat, QM2015

~  STAR Preliminary o 7.7GeV Au+A
statistical errors only = 11.5GeV
10— 14.5GeV
N + v 19.6GeV
B j + ¥ 27GeV
— + = 39GeV
——
- - ¢ 62.4GeV

Rop [(0-5%)/(60-80%)]

u o _—T—_ -
VANENE _—i—
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R, 1s not a good variable because peripheral may be suppressd also
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S. Horvat, QM2015

LU LU I
10
mi11.5 -
145 -
T19.6 i, i
27
A
®624; ]
@
o
o
L U .
g
s
-gr—
P I
S| &
“JQZ§ //ﬁ////ﬂf//;,
STAR Preliminary
IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
0 50 100 150 200 250 300 350 400
e (N
‘e
*
L

(), UWce of BROOKHEVEN

"] SCIence NATIONAL LABORATORY
ENT OF ENERGY

u. EPARTMI

S. Horvat, QM2015

o*N"
<N0|:1II X I:)Td’rl

(arb. scale)

=

5 A X {N
part .. . .‘ " ¥ ‘4- part

IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
4.D<p1<4.5 GeV/c

u11.5
145
v19.6
¥ 27
m 3¢
#624
2

S =TGN |

0 50 100 150 200 250 300 350 400

)

u B AL

Rising=Cronin effect
Flat=Ncoll scaling: no suppression
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assoc

jet pr

- trig
direct photon p.

trig
Pr

Yl \/iktry
jet p\?zg """""""" R .

Dijets and dihadrons are not back to back in azimuth because of k, mean quark
transverse momentum in a nucleon, named by Feynman, Field and Fox NPB128,1-65
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> Increases with pr, for fixed p,
> for fixed p, 1S ~independent of p,
> for fixed p, decreases with p,
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Something dramatic becomes evident when
one plots the p,,, distribution for fixed p,
integrated over all p,
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Gaussian for pout<1.5 GeV/c likely represents the intrinsic k while the power law
for pout>1.5 GeV/c is likely standard QCD gluon radiation
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PYTHIA Simulation
Drell-Yan Dilepton

p'Tep>4 GeV

inl<0.35

p+p at Vs=510 GeV

—
PH-<ENIX _
preliminary

This 1s different from the expected effect in Drell Yan in PYTHIA
simulation which may be important perhaps a contradiction for
Transverse Momentum Dependent parton distribution ideas.
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1@  Net-charge ) PHENIX
S - Au+Au (0-5)% 1  0.6f ® Data
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Note that the ““data’ ® calculations from the AN_=N"* - N™ distributions agree
with the NBD fits to the N* and N~ distribution and the NBD Cumulant Theorem.
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